Although. Aspergillus spp infection is not the major cause of morbidity in Intensive Care Units (ICUs), mortality among patients treated for it is tremendous. Moreover, invasive aspergillosis (IA) is an independent risk factor of hospital costs and length of stay. The prevalence of this disease is inversely correlated with the immunocompetence of individuals; for instance, the incidence of IA among patients with leukemia is estimated as high as 12.7%. Although there is a significant improvement in the antifungal armamentarium, the appropriate treatment is still being given too late, mostly because of late diagnosis. As well as the diagnosis, the criteria for recognition of IA constitute a challenge. Objective. The aim of this review, based on a case report, is to introduce the problem of poor diagnosis and treatment of IA, especially in the critical care settings. The presented scenario is an example which assists in showing the evidence-based medicine (EBM) approach to the treatment of fungal infections. Furthermore, to demonstrate the appropriate approach to diagnosis and treatment of invasive aspergillosis, the guidelines of The European Organization for Research and Treatment of Cancer/Mycoses Study Group (EORTC/MSG) are presented. Conclusions. According to presented literature, Galactomannan assay enables early diagnosis and remains a specific and sensitive tool to diagnose Asppergillosis, both in serum and BAL fluid. The guidelines recommend voriconazole as a first line treatment in IA. Failure to detect and implement proper antifungal treatment may lead to fatal consequences, as in the presented case.
INTRODUCTION
Invasive aspergillosis (IA) is becoming an increasing challenge in Intensive Care Units (ICUs) in both Europe and the United States. ICU physicians should be aware of IA-attributable mortality, which varies from 35% -46% in haematooncological malignancies and haematopoietic stem cell transplantation (HSCT) recipients [1, 2, 3, 4] . Moreover, IA is an independent risk factor for increased hospital costs and increased length of stay (LOS) [4, 5] .
Constantly increasing costs in many healthcare systems worldwide are associated with the implementation of the latest drugs, diagnostic techniques and invasive procedures. The progress in medicine is undoubtedly beneficial, yet one of the recently most discussed issues of the potential risks of increased invasiveness in all fields of medical specialties is the increasing rate of fungal infections [6] . For instance, allergic bronchopulmonary Aspergillosis is the most common form of disease because of ubiquitous presence of this fungus [7] . On the other hand, the prevalence of IA is inversely correlated with the immunocompetence of individuals. Patients suffering from haemopoetic malignancies and solid organ transplantation receivers are at the highest risk of Aspergillosis [8, 9] . The incidence of IA among patients with leukemia is estimated to be as high as 12.7% [9] . Another group of patients highly susceptible to IA are those treated in ICUs, where the prevalence of this invasive fungal disease in non-malignant patients is estimated to be as high as 7% [10] .
Despite a significant improvement in the antifungal armamentarium, the usual hospital practice shows that an appropriate treatment is given too late, mostly because of the delayed diagnosis [11] . Traditional diagnostic procedures, such as cultures or x-rays, show both the lack of sensitivity and specificity [12] . However, modern diagnostic methods, e.g. computed tomography (CT) imaging, are not always feasible for ICU patients or are not well validated (1,3-β-Dglucan assay) in IA [12, 13] . Another serious problem is the criteria for detecting an IA. Since the prevalence of Candida spp infections is much higher than those associated with Aspergillus spp, the majority of diagnostic tools used to aid the clinicians in diagnosing fungal infections are tailored to detect yeast incidences. The aim of this review is to identify the most common problems associated with an IA in the ICU setting. The presented case report highlights shortcomings in clinical practice.
CASE REPORT
On 12 March 2013, a 61-year-old female was admitted to the ICU in a tertiary academic hospital. She initially presented with a bilateral pneumonia complicated by an acute respiratory failure and cardiovascular failure [ Fig. 1 ]. The patient died the day after admission to the ICU, and the autopsy revealed IA.
Three years before admission to the ICU the patient was diagnosed with Chronic Leukemic Leukemia (CLL) in the second stage according to RAI. Despite sequential treatment, full recovery was not achieved, and progress of CLL resulted in a subsequent admission to the haematooncology ward. During the last four months, the patient was hospitalized three times due to fever of unknown origin. Each time, broad-spectrum antibiotics were implemented (i.e. amikacin, ciprofloxacine, ceftezidime, amoxicillin/clavulanic acid, imipenem with cilastatin), and increased doses of steroids were administered (i.e. prednisone, methyloprednisone and dexamethasone). The antifungal agents included in empiric treatment were fluconazole, ketoconazole and a short-course treatment with itraconazole. All collected blood cultures were negative. The only CT scan performed during the deterioration of the state of the patient revealed nodular thickening of the peribronchovascular interstitium and interlobular septa, thus lymphangitis carcinomatosa was diagnosed. After admission to the ICU, antifungal and broadspectrum antibiotic therapy was initiated (caspofungin and imipemem with cilastatin). BAL and blood samples were collected towards ELISA galactomannan and mannan tests, as well as for the growth of cultures. Despite the treatment, the patient died the next day. The direct microscopy samples obtained from BAL revealed Aspergillosis.
DISCUSSION
This case report is a description of therapeutic and diagnostic process in the course of an IA which took place in a tertiary hospital. Recent clinical and scientific achievements in the therapy and diagnosis of Aspergillosis are presented. During the review, problems and doubts in the patient's therapeutic process are emphasized. Furthermore, to demonstrate the appropriate approach to diagnosis and treatment of IFD, the Guidelines of The European Organization for Research and Treatment of Cancer/Mycoses Study Group (EORTC/MSG) are presented. In 2008, EORTC/MSG published the revised definitions of invasive fungal disease (IFD) [11] . According to this definition, three categories of IFD are presented: 'proven', 'probable' and 'possible' IFD.
Diagnostic methods to prove fungal infection.
The definition for proven IFD requires an identification of the fungal elements, and IA needs the conformation with cultures or a histopathological examination. Detecting fungal elements from a normally sterile environment reaffirms IFD [11] . Obtaining specimens for cultures is the most traditional approach to detection of infectious diseases [14] , and creates the opportunity not only for the recognition of specific genus, but also enables testing the susceptibility prior to an initiation of antifungal treatment [15] . Before the era of galactomannan evaluation, cultures were the main test for a conformation of fungal infection [15] . However, there are several problems applicable to culture results and collection. A positive culture from a normally sterile site, e.g. pleural fluid, confirms a fungal infection if linked with clinical features [11] . In contrast, the same result obtained from bronchoalveolar lavage (BAL) fluid or urine, without any signs of infection, reveals a fungal colonization. Blood culture growth is interpreted as a fungal contamination. Moreover, the sensitivity of cultures obtained from the respiratory tract does not exceed 50% [16, 17, 18] . Torelli et al. compared the real-time PCR (polymerase chain reaction) assay with the GM test and cultures for the detection of Aspergillus species [19] . All specimens were obtained from BAL. Both the PCR and GM tests presented the same, 94.1% accuracy in patients with proven/probable IA. In contrast, only 41% cultures were positive among this group of patients.
The question is, whether there is any necessity to wait for the result of traditional culture if it shows the lack of sensitivity in detecting IA? The answer is not completely obvious. The induction of antifungal treatment should not be based only on diagnostic tests, especially cultures, because of possible colonization [20] . However, this traditional approach enables the testing of susceptibility, and expands the number of species possible to reveal, as far as possible, a basis for others tests [21] . Furthermore, the results of positive cultures may distinguish the difference between an active disease, while viable fungi can be found, and the period after the initiation of treatment, when the GM assay may still be positive [22] .
The other approach to confirm proven IA is a biopsy of tissue for histopathological examination [11] . The problem is that a biopsy is an invasive procedure, and the risk between an injury and potential benefits should be considered. For that reasons, such an intervention is limited in questionable cases [23] . The standard staining with haematoxylin and eosin is mostly sufficient for the detection of Aspergillus hyphae [24] . However, the material obtained with a biopsy requires cultures or the PCR assay to recognize the exact fungal genus [25] .
Probable invasive fungal disease. The category of probable IFD (EORTC/MSG) is composed of three elements: host factors, clinical and mycological criteria. All of these elements must be included to recognize probable IFD [11] . The host factors concern severely immunocompromised patients. All host-dependent components are shown in Table 1 . Some inherited, but rather rare conditions, such as chronic granulomatous disease (prevalence 1/300 000 births), are well known risk factors of IA [26] . In contrast, many patients are at risk of fungal infections due to a therapeutic process, ] for >10 days) temporally related to the onset of fungal disease.
ii. Receipt of an allogeneic stem cell transplant.
iii. Prolonged use of corticosteroids (excluding among patients with allergic bronchopulmonary aspergillosis) at a mean minimum dose of 0.3 mg/kg/ day of prednisone equivalent for >3 weeks. for example: immunotherapy or prolonged corticosteroids administration. These patients need to be carefully evaluated, and healthcare providers retain vigilant. The appropriate diagnostic tools should be employed and the treatment established whenever there is a threat of fungal infection. Furthermore, EORTC/MSG reports that a mean minimum dose of 0.3 mg/kg/day of prednisone, or its equivalent, given for a period of more than three weeks, is related to increased risk of IFD [11] . Many studies present positive correlation between the dose and duration of steroid administration and the risk of IA [27, 28, 29, 30] . A prednisone dose higher than 1 mg/kg/day increases the chance of morbidity due to Aspergillosis [30] . O'Donnell et al. demonstrated that an increased dose of prednisone (0.25 compared to 0.5-1 mg/kg/day) was correlated with six-fold higher risk of IA [28] . Consequently, corticosteroids diminish clinical signs of infection, e.g. fever, and cough, as well as attenuate some laboratory parameters: C -reactive protein, white blood count. [27] ; therefore, the recognition of IA may be delayed. Many other patterns of fungal infection can be damped in steroid-treated patients compared to neutropenic individuals [31] . These include: TNF-α, IL-10, galactomannan, a number of conidia and hyphae. The histological features of IA are also changed, which influences chest X-ray and CT imaging [32] . The typical radiographic picture of pulmonary Aspergillosis in neutropenic patients includes the 'halo sign', a nodular lesion surrounded by ground-glass opacity. Corticosteroids alter this image. There is no standard radiological description of IA in steroid-treated patients, thus the chest imaging is not such a helpful tool as it might seem to distinguish pulmonary Aspergillosis from other conditions [32] .
The galactomannan (GM) and 1,3-β-D-glucan assays are well-known for detecting IFD [13, 18, 33, 34, 35] . The former is both more specific for IA and strongly correlates with the outcome of patients [18, 33, 35] , whereas the latter is not a specific instrument for detecting Aspergillus genus, but can be useful for monitoring the severity of infection if IA is recognized [13] . The GM assay is a specific and sensitive tool for diagnosing Asppergillosis, both in serum and BAL fluid [18, 35, 36] . This test is not well validated for detecting Asppergillosis in other fluids, e.g. urine and sputum [37] . There are also consecutive limitations: the GM is not completely specific for Aspergillus genus, and other fungi like Penicillium, Fusarium, Alternaria, and Histoplasma can be revealed by this method [38] . Furthermore, one of the most popular antibiotics used in the ICU (piperacillintazobactam), and electrolyte solutions (e.g. Plasmalyte), may interfere with the test results (false positive) [39, 40] .
Fever and possible invasive fungal disease. According to the EORTC/MSG definitions of IFD, fever is not a host factor, and due to the lack of specificity is only considered a clinical sign [41] . However, persistent fever, in particular when antibiotics are used ineffectively, can often suggest a fungal infection [41, 42] . In such case, if clinical signs and host factors are present, without the conformation in mycological tests, the criteria of possible IFD are fulfilled. With the lack of mycological test, especially indirect ones, criteria for detecting possible IFD could have been taken into consideration. Thus, in this situation, an insightful investigation of the patient should have been carried out instead of subsequent administration of antibiotics.
Antifungal treatment. In the critical care setting, voriconazole is the drug of choice when invasive pulmonary Aspergillosis is presumed [43] . The alternative agents comprise: itraconazole, posaconazole, amphotericin B and echinocandins (i.e. micafungin, anidulafungin and caspofungin). Voriconazole shows a superior effectiveness over amphotericin B deoxycholate (AmB-D) for the treatment of IA [44] . The initial dose of voriconazole is 6 mg/kg (repeated after 12h), then 4 mg /kg given every 12 hours. Both mould-active azoles (i.e. itraconazole, posaconazole) have the same limitation; the only available route of administration is oral one. While voriconazole shows lack of efficacy, caspofungin is regarded as a salvage therapy for IA [45] .
Shortcomings in the clinical approach. In the presented case, some problems should be highlighted. Firstly, no fungal specific tests were performed before admission to the ICU. These tests were available in the hospital (i.e. GM and 1,3-β-Dglucan assays). Specimens for cultures were only taken from the patient's blood. Even if the blood culture growth result had revealed Aspergillus spp, that would only have been interpreted as a fungal contamination [11] . No biopsy or samples from the respiratory tract were taken untill the ICU admission. Secondly, three different steroids were given at the same time (methylprednisolone, dexamethasone and prednisone). During the final two weeks, a total of 1,000 mg of methylprednisolone was administered daily -the equivalent to 1,250 mg of prednisone. An increased dose of prednisone is an independent risk factor of IA [11, 28] . The reason of noncharacteristic CT scans were probably the steroid-treatment (lack of halo sign typical for neutropenic patients). This was probably the reason why lymphangitis carcinomatosa was recognized.
The patient received myriad antibacterial agents from different groups, but antifungal prophylaxis covered only Candidia spp. (itraconazole was given for only a few days). Moreover, until admission to the ICU, fluconazole was the only antifungal prophylaxis applied. In the ICU, multiple organ failure was diagnosed, and because of suspected IFD, treatment with intravenous caspofungin was introduced.
CONCLUSIONS
The presented case demonstrates the lack of compliance with the EORTC/MSG definitions of IFD among healthcare providers. The available diagnostic tools and therapeutic options create opportunities to manage IA effectively. 
